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Representedin: Ostriker (1963 Eqg 15); Goody (1964, Eg 2.115); Houghton (1977, Eq
2.13); Chamberlai1978 Eqg 1.2.29); GoodyandYung(1989, 2.146); Stepheng1991, Eqg 1
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| think my study is the first that controlsit on globalmeanobserveddata.
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Entropyexportto spaceby radiation(Egb5),

entropy produced within the atmosphere
(Eq7), and the total entropy producedby
the Earthsystem(EQq8), asa function of &,

Isat maximumif & =1,

T'si.). Therefore, entropy export to space by radiation is
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Eg. (1) SFC SW+LW Nef(clea) =AT E =Ay2
Eqg (2) SFC SW+LW Totalclean = A = 2A,

Creatingtheall-sky versiong(including LWCRE):

Eqg (3) SFCSW+LWNet(al) =ATE =(A,1 L)/2
Eg (4) SFCSW+LW Total(all) =A = 2A,+ L

Eg. (1) SFC (SW downi SWup + LW downi LW up) (clear) =TOA LW (clear) /2
Eqg. (2) SFC (SW downi SWup + LW down) (clear) = TOA LW (clean) T 2

Eq. (3) SFC (SW downi SWup + LW downi LW up) (all) = TOA [LW (all)i LWCRE]/2

Eqg. (4) SFC (SW downi SWup + LW down) (all) =TOA LW (all)l 2 +LWCRE



Eg. (1)

Eg. (2)

Eq. (3)

Eq. (4)

Four Equations, EBAF Edition 2.:
(March 200Q@; Feb 2016) (Rose et al. 2017"ZZERES STM)

SFC SWdowni SWup + LW downi LW up (clear) = TOA LW (clear)/2
SFC SWdowni SWup + LW down (clear) =21 TOA LW (clear)
SFC SWdowni SWup + LW downi LW up (all) =[TOA LW (all)T LWCRE]/2

SFC SWdowni SWup + LW down (all) =21 TOA LW (all) + LWCRE



Four Equations, EBAF Edition 2.:
(March 200Q@; Feb 2016) (Rose et al. 2017"ZZERES STM)

Eqg. (1) SFC SWdowni SWup + LW downi LW up (clear) = TOA LW (clear)/2 Diff
Ed2.8 24406 1 29.74 + 316.27 1 39840 = 265.59/2 10.60
Eqg. (2) SFC SWdowni SWup + LW down (clear) =21 TOA LW (clear)

Ed2.8 24406 1 29.74 + 316.27 =21 265.59 10.59

Eq. (3) SFC SWdowni SWup +LW downi LW up (all) = [TOA LW (all) i LWCRE]/2
Ed2.8 18647 i 24.13 +34515 | 39827 = (239.60 i 2599)/2 +2.41

Eq. (4) SFC SWdowni SWup + LW down (all) =21 TOA LW (all) + LWCRE
Ed2.8 186.47 1 24.13 + 34515 =21 23960 +25.99 +2.30



FourEquationsEBAF Edition 4.1
CEREBBAHREd4.1 & Ed4.2, Agars(April2000¢ March2022) (W)

Eqg. (1) SFC SWdowni SWup + LW downi LW up (clear) = TOA LW (clear)/2 Diff
Ed4.1 240.86807 29.0724+ 317404971 3985211 = 266.0.22/2 12.326
12.5752
Eqg. (2) SFC SWdowni SWup + LW down (clear) =21 TOA LW (clear)
Ed4.1 240.868071 29.0724+ 3174049 =21 266.0122 12.823
Eqg. (3) SFC SWdowni SWup +LW downi LW up (all) =[TOA LW (all) T LWCRE]/2
Ed4.1 186.854471 23.1629+ 3450108 i 398.7454 = (240.250 I 25.672/2 +2.708
+2.5766
Eq. (4) SFC SWdowni SWup + LW down (all) =21 TOA LW (all) + LWCRE
Ed4.1 186.854471 23.1629%+ 3450108 =21 240.2450 +25. 1672 +2.445

Ed4.1 Mean +0.0007



The four equations are intimately connected
Decrease TOA LW(clear) by 1Vm

Eqg. (1) SFC SWdowni SWup + LW down i LW up (clear) = TOA LW (clear)/2 Diff

Ed4.1 240.868071 29.0724+ 317404971 3985211 = 266.0022/2 12.3267

Ed4.1 240.868071 29.0724+ 317404971 3985211 = 265.0122/2 11.826 9 5759
Eg. (2) SFC SW downi SWup + LW down (clear) =21 TOA LW ( clear) 11.3252
Ed4.1 240.86801 29.0724+ 3174049 =21 266.0L22 12.8238

Ed4.1 240.86801 29.0724+ 3174049 =21 265.0122 10.823

Eg. (3) SFC SW downi SWup +LWdowni LW up (all) =[TOALW (all)i LWCRE]/2

Ed4.1 186.854471 23.162%+ 3450108 1 398./454 = (240.250 I 25./672)/2 +2.7083

Ed4.1 186.85441 23.1629%+ 3450108 1T 398.454 = (240.250 I 24.7672/2 +2.208 +2 5766
Eq. (4) SFC SW downi SWup + LW down (all) =217 TOALW (all) + LWCRE +2.8266
Ed4.1 186.85441 23.1629%+ 3450108 =21 240.2450 +25.672 +2.4450

Ed4.1 186.85441 23.1629+ 3450108 =21 240.2450 +24.7672 +3.445

Ed4.1 Mean +0.0007

Ed4.1 Mean +0.7507



FourEquationsEBAF Edition 4.1 & 4.2
CEREBBAHREd4.1 & Ed4.2, Agars(April2000¢ March2022) (W)

Eqg. (1) SFC SWdowni SWup + LW downi LW up (clear) = TOA LW (clear)/2 Diff

Ed4.1 240.86807 29.0724+ 317404971 3985211 = 266.0.22/2 12.3267

Ed4.2 241.1519 29.7397 + 317.8570 398.6099 = 266.1348 /2 12.408

Eg. (2) SFC SWdowni SWup + LW down (clear) =21 TOA LW (clear) 12.7043
Ed4.1 240.868071 29.0724+ 3174049 =21 266.0122 12.8238

Ed4.2 241.1519 29.7397 + 317.8570 =21 266.1348 13.000

Eq. (3) SFC SWdowni SWup +LW downi LW up (all) = [TOA LW (all) i LWCRE]/2

Ed4.1 186.85447 23.1629+ 3450108 i 398.754 = (240.250 | 25.B72/2 +2.7083

Ed4.2 187.0918 23.4436 + 346.1147i 398.4220 = (240.3317 i 25.8032)/2 +4.076

Eq. (4) SFC SWdowni SWup + LW down (all) =21 TOA LW (all) + LWCRE +3.6865
Ed4.1 186.85447 23.1629+ 3450108 =21 240.450  +25.672 +2.4450

Ed4.2 187.0918 23.4436 + 346.1147 =21 240.3317 + 25.8032 +3.296

Ed4.1 Mean +0.0007

Ed4.2 Mean +0.4911

Bias, or Ed4.2 captured something physical that Ed4.1 missed?



EBAF Edition 4.2

22 years(Apr 200Q0; Mar 2022)
22 years (Jan 20@1Dec 2022)

Eqg. (1) SFC SWdowni SWup + LW downi LW up (clear) = TOA LW (clear)/2 Diff
Apr-March 241.1519 29.7397 + 317.8570 398.6099 = 266.1348 /2 12.408
Jan-Dec 241.10851 29.7012 + 317.9800398.7213 = 266.1207 /2 12.3935

. 12.7043
Eg. (2) SFC SWdowni SWup + LW down (clear) =21 TOA LW (clear) i2.6234
Apr-March 241.1519 29.7397 + 317.8570 =21 266.1348 1 3.000
Jan-Dec 241.1085/ 29.7012 + 317.9809 =21 266.1207 12.8533
Eqg. (3) SFC SWdowni SWup +LW downi LW up (all) =[TOA LW (all)T LWCRE]/2
Apr-March 187.0918 23.4436 + 346.1147 398.4220 =(240.3317 1 25.8032)/2 +4.076
Jan-Dec 187.0941i 23.4179+ 346.2001 i 398.5297 =(240.3606 T 25.7601) /2 +4.0463

5 +3.6865
Eqg. (4) SFC SWdowni SWup + LW down (@all) =21 TOA LW (all) + LWCRE +3.7206
Apr-March 187.0918 23.4436 + 346.1147 =21 240.3317 + 25.8032 +3.296
Jan-Dec 187.0941i 23.4179%+ 346.2001 =21 240.3606 + 25.7601 +3.3949
Apr-March Mean +0.4911

Jan-Dec Mean +0.5486
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Libera Science Goals & Objectives

Overarching goals: -

1) Provide seamless continuity of the ERB measurement with
characteristics identical to CERES

» Prevents gap in ERB data record critical for studies of global climate change s : d
» Tied to Science objective 1: Use extended record to identify and quantify T e “&
processes responsible for the instantaneous to decadal variability of ERB A : -
2) Develop a self-contained, innovative, affordable observing system

06 solar absorbed ~ evapo-  sensible
(0.2.1.0 surface ration heat

» Novel, miniaturized detectors greatly improve accuracy & stability and pave
way toward smaller & cost-effective follow-on mission.
» Science objective 2 Libera tests a miniature wide field-of-view camera to Hemispheric Albedo Symmetry?
provide scene & angular context crucial for radiative flux retrieval 2003-2010 Hemisphere Average
3) Provide new and enhanced capabilities that support extending ERB LT e
science goals 0.3
» Employ Split-Shortwave channel to derive SW VIS and NIR fluxes and
guantify SW energy disposition
» Tied to Science objective 3: Revolutionize understanding of spatio-
temporal variations in SW, VIS & NIR irradiance
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2022 Earth Radiation Budget Workshop, MPI, Hamburg 12-14 October 2022 Pilewskie -12
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SICUIIRRC®EN £ th Energy Imbalance (EEI) = 0.54 + 0.3
(2023) BAMS
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\ Eg. (3) Sensible heat Evaporation = (Outgoing LWWCRE)/2

A Eq. (4) Absorbed SW Allsky emission = 2 Outgoing LW + LWCR
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SUSNCUCESRE  £orth Energy Imbalance (EEI) = 0.54 + 0.3 LWCRE W % Longwave
(2023) BAMS (—A—\ 26.7 426'714 cloud effect

ncoming Solar Reflected Solar Outgoing LW
340.2 £ 0.1 00.2 +2.4 239.5+ 2.4

[

Eg. (3) Sensible heat Evaporation = (Outgoing LWWCRE)/2

Stephens et al. 2012

A Eq. (4) Absorbed SW Allsky emission = 2 Outgoing LW + LWCR

Precipitation

Surface SW{h |
184.0+ 5.6 ¥
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Stephens et al.

(2023) BAMS PWERE

26.7

Eg. (3) Sensible heat Evaporation
25.4 + 81.1

= (Outgoing LWWCRE)/2
= (230%6.7)/2 +0.1

Eqg. (4) Absorbed SW Allsky emission = 0Outgoing LW + LWCRE
160.7 + 345.1 x239.5 +26.7 6.1

7
26.7+4
-

Longwave
cloud effect

Stephens et al. 2012

Eqgs (3) and (4express
fundamentalphysical
requirements verified by
30yearsof GEWEX.

Anyfuture globalenergy
flow estimateg climate
report, sensitivitystudy,
water change prediction,
cloud forcing and CRE
feedbackassessment
shouldstrictly satisfythese
constraintswith this
examplaryaccuracy



